Marine scientific research, technology transfer and capacity development are vital lynchpins in the development of a new international legally-binding instrument (ILBI) on the conservation and sustainable use of marine biological diversity in areas beyond national jurisdiction (ABNJ) (UNGA, 2015a) (LOSC, 1982) .
under the 1982 United Nations Convention on the Law of the Sea
1 These historic negotiations for ABNJ, 65% of the global ocean surface, incorporate the high seas (water column beyond national jurisdiction) and the Area (seabed, ocean floor and subsoil beyond national jurisdiction). 2 The Intergovernmental
Oceanographic Commission (IOC) is the competent international organisation for marine scientific research 3 and marine technology transfer (UNESCO, 2014) . It is therefore timely to examine the potential role of the IOC in informing the development, and supporting the eventual implementation, of the ILBI.
The issue of marine genetic resources, including questions on the sharing of benefits,
illustrates the important role of marine science and technology in meeting the urgent need to develop pragmatic solutions for access and benefit sharing of marine genetic resources (MGR) in ABNJ, as highlighted at the first and second Preparatory Committee (PrepComs 1 and 2) 4 meetings for the development of the ILBI. Marine scientific research is the first step in accessing MGR 5 from ABNJ and deriving "benefits" from their use (Harden-Davies, 2016 , Oldham et al., 2014 , Vierros et al., 2016 . Possible benefits include advancing scientific knowledge of marine biodiversity and enabling the exploitation of MGR for the development of biotechnology products (Leary et al., 2009 , Arrieta et al., 2010 . The "non-monetary" benefits are increasingly recognised as more immediate and likely than monetary benefits 1 A Preparatory Committee will meet four times during 2016 and 2017 and report to the United Nations General Assembly on its progress by the end of 2017. Four key elements will be considered in particular, together and as a whole: 1. Marine genetic resources, including questions on the sharing of benefits; 2. Area-based management tools, including marine protected areas; 3. Environmental impact assessments; and 4. Capacity building and the transfer of marine technology . 2 LOSC, Article 1(1). 3 IOC is identified as a competent international organisation for marine scientific research in LOSC Annex VIII, Article 2(2). 4 The first PrepCom was held 28 March 2016 -7 April 2016, the second PrepCom was held 26 August 2016 -9 September 2016, at the United Nations, New York. 5 MGR are not mentioned in the 1982 United Nations Convention on the Law of the Sea and there is no internationally agreed legal definition. MGR are considered to include biological material from animals, plants or microbes that is of actual or potential value (Vierros et al., 2015) . This could include samples of entire organisms (animals, microbes or plants), individual genes, proteins or biologically produced chemicals as well associated data.
from MGR in ABNJ (Broggiato et al., 2014 , Grieber, 2014 , Oldham et al., 2014 , Lallier et al., 2014 on account of the cost, time, and barriers that could delay or prevent commercialisation Juniper, 2013, Martins et al., 2014) . However, disparities in scientific and technical capacity worldwide (Bernal and Simcock, 2016, Juniper, 2013) and gaps in the international legal framework have raised concerns of equitable access and benefit sharing of MGR in ABNJ (Glowka, 1996 , Arico & Salpin, 2005 , Arnaud-Haond et al., 2011 , Broggiato et al., 2014 . Marine science, technology transfer and capacity development are inextricably linked to defining problems and developing solutions for MGR in ABNJ.
Although the relevance of the IOC for the ILBI has long been recognised (Arico and Salpin, 2005 , Arico, 2015 , Glowka, 1999 , Glowka, 2010 , IOC, 2015a , IOC, 2016a , IOC, 2016b , Hall, 2015 an analysis of the potential role of the IOC in supporting the development of the ILBI has not yet been undertaken. First, this paper introduces the role of IOC in marine scientific research governance and highlights the interlinkages between transferring marine technology and sharing non-monetary benefits of MGR. Second, lessons provided by IOC for the development of the ILBI are discussed: i) international cooperation; ii) open-access to data and knowledge; iii) capacity development and transfer of marine technology; and iv) governance of marine scientific research. Third, the paper argues that the IOC is uniquely positioned to take a lead role in informing the development of a robust ILBI that can adapt to, and benefit from, scientific and technological advances; the mandate, capacity and constraints influencing the role of IOC in the development and implementation of the ILBI are also discussed.
THE IOC AND THE IMPORTANCE OF MARINE SCIENCE AND TECHNOLOGY

IOC
The IOC was established in 1960 as a body within the United Nations Educational, Scientific interpretation of which will likely be a defining feature of the development of the ILBI, is not within the scope of this paper. Instead, this paper illustrates how the IOC can help the ILBI to achieve two objectives -marine technology transfer and non-monetary benefit sharingthrough marine scientific research and cooperation.
Common themes link technology transfer and non-monetary benefit sharing
Synergies between sharing non-monetary benefits from MGR and marine technology transfer enable these elements to be considered "together and as a whole" in accordance with UN 
Figure 1
Given the importance of marine scientific research to investigating and sustainably using biodiversity in ABNJ, the ILBI should arguably provide a framework that facilitates, not hinders, scientific research (DOSI, 2016 , Harden-Davies, 2016 . 17 This will require developing an innovative and effective access and benefit sharing regime that supports research and fosters capacity development and transfer of marine technology. The development of the ILBI is an opportunity to build support for and enhance implementation of LOSC Part XIV.
The IOC's mandate to assist States in the implementation of LOSC Parts XIII and XIV is reflected in the vision, functions and objectives articulated in the IOC medium term strategy -2021 . These align with the common marine science and technology themes that link marine technology transfer and non-monetary benefit sharing of MGR (Table 1) and provide pragmatic lessons and mechanisms that could be adopted or enhanced by the ILBI (section 3). 
SCIENCE SOLUTIONS FOR TECHNOLOGY TRANSFER AND BENEFIT
SHARING
The IOC provides four key lessons for marine technology transfer and non-monetary benefit sharing of MGR that could inspire the ILBI: international cooperation (section 3.1); data sharing (section 3.2); capacity development and marine technology transfer (section 3.3); and governance of marine scientific research (section 3.4). The mandate, capacity and resources of IOC to play a role in the ILBI are discussed in section 4.
International cooperation
International cooperation is essential for accessing deep-ocean areas in ABNJ, sharing marine research resources and managing large volumes of data associated with marine biodiversity and MGR in ABNJ. The IOC promotes international marine scientific cooperation by providing a forum for IOC member States to interact (Hall, 2015) . The IOC has a long history (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) and the Geochemical Ocean
Sections Study (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) .
The IOC conducts a number of programs and projects (permitted by LOSC articles 238 and 247) that foster international marine scientific cooperation. Examples include ocean observations (e.g. Global Ocean Observing System, GOOS) and harmful algal blooms (e.g.
Global Ecology and Oceanography of Harmful Algal Blooms Program). The newly formed
GOOS Biology and Ecosystems Panel suggests a growing focus on biological research in IOC activities. Furthermore, the forthcoming deep-ocean observing system (DOOS) of GOOS could promote international cooperation in advancing knowledge of biodiversity in ABNJ (DOOS, 2014). However, deep-sea biodiversity in ABNJ is an emerging priority area for IOC.
Regional cooperation strengthens the governance of biodiversity in ABNJ (Rochette et al., 2014) . Regional scientific cooperation is particularly important in Southern Hemisphere ABNJ where marine research capacity is least (Bernal and Simcock, 2016) and biological sampling gaps are greatest (German et al., 2011 
Access to data, knowledge and samples
Effective data management and open-access sharing will be critical for a new ILBI. The IOC has a role to facilitate knowledge exchange and sharing of data and information from ABNJ (BBNJ, 2013 , IOC, 2016a , IOC, 2015a . Ocean data and information management systems need to be enhanced in order to support research in emerging ocean science issues and enable the provision of evidence-based scientific advice to international policy processes (Levitus, 2012) .
The International Oceanographic Data and Information Exchange (IODE)
The IOC manages and maintains international data platforms for marine scientific research accessibility of data and enhance efforts to translate data into knowledge for management (Appeltans, 2015) . Crucially, OBIS engages with the international marine science community and is, for example, exploring options for a global deep-ocean data-sharing platform (Mengerink et al., 2014 , O'Hara et al., 2015 , Appeltans et al., 2014 . OBIS could thus play a key role in sharing non-monetary benefits of MGR in ABNJ and transferring marine technology. However, additional resources would be required to scale-up the scope and functionality of OBIS in support of the ILBI.
Capacity development and transfer of marine technology
Capacity building and technology transfer are key issues for the ILBI. Transfer of marine technology and capacity development are among the most effective ways to promote marine scientific research for sustainable development (IOC, 2015b , UNGA, 2015c and address disparities in MGR in ABNJ. However, transfer of marine technology is arguably the most significant gap in the implementation of LOSC (Arico, 2015) . 
Capacity development
An understanding of the marine scientific research capacity of States is needed to identify capacity development priorities and marine technology transfer opportunities for the ILBI.
The IOC collects, analyses and publishes information relating to Member State practices in marine scientific research and technology transfer (Tirpak, 2008 , UNDOALOS, 2010 (Bork et al., 2008 , Hubert, 2011 , Verlaan, 2012 
REVITALISING THE ROLE OF IOC?
The IOC's mandate, expertise and experience in marine scientific research, technology transfer and capacity development position it to play a lead role in the development and implementation of a robust ILBI. However, whether IOC will have the resources, capacity and authority to play such a role remains unclear at this stage. There are a number of factors that constrain IOC's ability to do more than passively inspire an ILBI.
Resources
Implementing the initiatives canvassed in section 3, such as establishing a clearinghouse mechanism for marine technology transfer or enhanced regional research cooperation for ABNJ, will clearly require funding for the ILBI to be effective. A discussion of funding options is not within the scope of this paper. However, it is highly unlikely that the IOC will have sufficient resources to cover the costs of enhancing marine technology transfer, capacity development and non-monetary benefit sharing in ABNJ in its current circumstances. 
Institutional position & visibility
The benefits and drawbacks of IOC's institutional situation, as a body with functional autonomy within UNESCO, has been a topic of discussion that has gone hand-in-hand with resourcing discussions. On the one hand, advocates have stressed that IOC has independent autonomous carriage over the definition and implementation of its work program and is strengthened by UNESCO as its 'parent' organisation. 28 On the other hand, some have suggested administrative and bureaucratic difficulties arise from the IOC's position within UNESCO (IOC, 2008b) . For example, Smith (2010) argued that IOC's lack of a Convention 29 and sub-optimal institutional position constrained its effectiveness and policy influence -rendering its decisions as weaker, non-binding inducements. Suggestions for IOC to become more independent or consider moving outside UNESCO have been canvassed throughout the "Future of IOC" process, however, these have not received consensus support 
A role for IOC in a new ILBI?
The IOC has the potential to play a pivotal role in supporting the development of a new ILBI, 
CONCLUSION
Marine scientific research must form the cornerstone of efforts to address all elements of the ILBI. The interlinkages between marine technology transfer and non-monetary benefit sharing of MGR highlight the importance of marine scientific research. The IOC is a key actor due to its mandate, international and regional governance architecture, operational functions and experiences. IOC has a potentially pivotal role in the development of the ILBI to:
1. Enable open-access to data, information and biological samples from ABNJ; 
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